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cthylenic unsaturated bonds in the molecule and (B) a pho-
topolymerization initiator which 1nitiates photopolymeriza-
tion reaction of the (A) photopolymerizing compound, the
photosensitive resin composition being characterized 1n that
the molecule ofthe (A) photopolymerizing compound further
contains a characteristic group with a bond which breaks
when the (A) photopolymenzing compound i1s heated under
temperature conditions of 130-250° C.
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1

PHOTOSENSITIVE RESIN COMPOSITION,
PHOTOSENSITIVE ELEMENT EMPLOYING
I'l, RESIST PATTERN FORMING METHOD,
PROCESS FOR MANUFACTURING PRINTED
CIRCUIT BOARD AND METHOD FOR
REMOVING PHOTOCURED PRODUCT

TECHNICAL FIELD

The present invention relates to a photosensitive resin com-
position, a photosensitive element employing it, a resist pat-
tern forming method, a process for manufacturing a printed
circuit board and a method for removing a photocured prod-
uct.

BACKGROUND ART

Photosensitive resin compositions and photosensitive ele-
ments obtained by laminating them onto support films and
covering them with protective films are widely used as resist
materials for etching, plating, and the like 1n the field of
printed circuit board manufacturing.

The following method 1s ordinarnly employed for manu-
facture of printed circuit boards. Specifically, the photosen-
sitive resin composition 1s laminated on a circuit-forming
board (copper board, etc.) and active light rays are irradiated
on prescribed areas of the photosensitive resin composition
(pattern exposure) for photocuring of the exposed sections,
and then the uncured sections are removed with a developing
solution (development) to form a resist pattern. The resist
pattern-formed board 1s then subjected to etching or plating to
form a pattern, and then the cured sections (resist pattern) are
released from the board.

Removal of the uncured sections 1s usually accomplished
using an aqueous alkali solution as the developing solution.
The aqueous alkali solution may be, for example, a 0.1-5 wt
% sodium carbonate dilute solution or a 0.1-3 wt % potassium
carbonate dilute solution. The main purpose of the developing
treatment 1s dissolution removal of the uncured sections, but
the cured sections may also swell, while not dissolving, 1n the
developing solution. Such swelling of the cured sections pro-
duces poor adhesion or line width bloating of the resist pat-
tern, and has constituted a major cause of reduced resolution.
In order to improve the resolution, therefore, 1t 1s effective to
design a photosensitive resin composition which can form
cured sections resistant to swelling 1n aqueous alkali solu-
tions.

On the other hand, the cured sections (resist pattern) are
released with a stronger alkali aqueous solution than the
aqueous alkali solution used for development. As strong
alkal1 aqueous solutions there are used, for example, 1-10 wt
% aqueous sodium hydroxide or 1-10 wt % aqueous potas-
sium hydroxide. The principle for removal of the cured sec-
tions 1s based on stress produced by swelling, and reduced
adhesion with the board. In order to improve the removability
of the cured sections, therefore, it 1s effective to design a
photosensitive resin composition which can form cured sec-
tions which easily swell 1n aqueous alkali solutions.

In other words, there 1s a trade-off between resolution and
removability, and consequently it has been difficult to achieve
a high level of both qualities. In particular, it has been difficult
to obtain photosensitive resin compositions with excellent
resolution capable of forming resist patterns with space
widths and line widths of 20 um and smaller, while also
allowing reliable removal of the resist pattern.

Incidentally, many constituent materials for photosensitive
resins compositions have been studied in recent years, and for
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2

example, there have been proposed photocrosslinking poly-
mers that can be resolubilized by heating, and compositions
for forming them (see Non-patent document 1). Also known
in the field of thermosetting resins are crosslinking polymers
having such properties as to dissociate upon external stimuli
such as heat, and compositions for forming them (see Non-
patent document 2).

Non-patent document 1: Shiro1, M. “Mira1 Zairyo”, Vol. 2,
No. 9, p. 20-25, 2002

Non-patent document 2: Otsuka, H. “Kobunshi1 Gakkai
Yokoshu”, Vol. 48, No. 8, p. 1635-1636, 1999

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

However, the compositions described in Non-patent docu-
ment 1 employ epoxy group-containing monomers as
crosslinking agents, and the present inventors have found that
when they are used for manufacture of printed circuit boards
requiring high density and high resolution (especially 20 um
and smaller) they lack suflicient sensitivity, resolution and
developing properties, while photocrosslinking polymers
formed by the compositions do not exhibit adequate remov-
ability.

Moreover, the compositions described in Non-patent docu-
ment 2 are thermosetting resin compositions employing
AIBN as the polymerization mitiator, and therefore such
compositions cannot be easily used for resist pattern forming
methods or printed circuit board manufacturing methods
wherein the photocured sections are formed by 1rradiation of
active light rays.

Incidentally, it 1s known 1n the field of photosensitive resin
compositions that formed resist patterns can be further hard-
ened by post-heat treatment. Post-heat treatment can acceler-
ate polymerization of the compounds 1n the photosensitive
resin composition to form a harder resist pattern with better
board adhesion. However, resist patterns cured by post-heat
treatment also have poorer removability from boards.

Consequently, when a resist pattern 1s formed using a com-
position as described 1n the aforementioned patent document
1 or 2, for example, heating of the resist pattern causes
decomposition and competitive polymerization reaction,
resulting in an insuificient effect of improving the resolution
and removability, and merely complicating the manufactur-
ing steps. It has been particularly difficult to form resist pat-
terns with space widths or line widths of 20 um or smaller, and
to reliably remove such resist patterns.

The present invention has been accomplished 1n light of the
alorementioned problems of the prior art, and its object 1s to
provide a photosensitive resin composition capable of
adequately improving removability while maintaining excel-
lent resolution (especially 20 um or smaller), as well as a
photosensitive element employing the composition, a resist
pattern forming method, a process for manufacturing a
printed circuit board and a method for removing a photocured
product.

Means for Solving the Problems

As a result of much diligent research directed toward
achieving the aforestated object, the present mventors have
found that this object can be achieved by a photosensitive
resin composition comprising a photopolymerizing com-
pound which decomposes at a specific heating temperature,
and a photopolymerization imitiator, and have thereupon com-
pleted the present invention.
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Specifically, the present invention provides a photosensi-
tive resin composition comprising (A) a photopolymerizing,
compound with two or more ethylenic unsaturated bonds 1n
the molecule and (B) a photopolymerization nitiator which
initiates photopolymerization reaction of the (A) photopoly-
merizing compound, the photosensitive resin composition
being characterized 1n that the molecule of the (A) photopo-
lymerizing compound further contains a characteristic group
with a bond which breaks when the (A) photopolymerizing,

compound 1s heated under temperature conditions of 130-
250° C.

This type of photosensitive resin composition allows for-
mation of photocured products with high adhesion for boards
and resistance to swelling in developing solutions, and allow
excellent resolution to be achieved. As to the removability of
the formed photocured product, use of the atorementioned
photopolymerizing compound permits decomposition to be
achieved by heating of the photocured product at a prescribed
temperature, thereby reducing adhesion with the board and
facilitating swelling 1n the solution for removal of the cured
product. Here, a photosensitive resin composition according,
to the invention can drastically increase the rate of heat-
induced decomposition with respect to the rate of heat-in-
duced polymerization of the photocured product, thereby

vastly improving the removability of the photocured product.
In other words, a photosensitive resin composition of the
invention eliminates the trade-oif between resolution and
removability, to allow suflicient improvement in the remov-
ability while maintaining excellent resolution. In particular, 1t
1s possible to simultaneously achieve excellent resolution
whereby a resist pattern can be formed with a space width or
line width (resolution) of 20 um or smaller, and excellent
removability for reliable removal of the resist pattern.

The “characteristic group with a bond which breaks when
heated under temperature conditions of 130-250° C.” 1n the
(A) photopolymerizing compound 1s a group having a bond
which can suificiently break when a photosensitive resin
composition comprising the (A) photopolymerizing com-
pound, a photosensitive resin composition layer composed of
the photosensitive resin composition, or a cured product
obtained by photocuring the photosensitive resin composi-
tion laver, 1s heated under temperature conditions of 130-
250° C. An acid may also be present during the heating. The
aforementioned characteristic group does not necessarily
need to undergo breakage of all of 1ts bonds under the condi-
tions described above, as it 1s sufficient 1f enough bonds break
to adequately exhibit the effect of the invention.

The photosensitive resin composition of the invention pret-
erably further comprises (C) a compound which generates an
acid upon heating at 130° C. or above or wrradiation with
active light rays.

This type of photosensitive resin composition allows for-
mation of photocured products with high adhesion for boards
and resistance to swelling 1n developing solutions while also
permitting thin photosensitive resin composition layers to be
formed, 1n order to achieve excellent resolution. As to the
removability of the formed photocured product, use of the
alorementioned photopolymerizing compound permits
decomposition to be achieved by heating of the photocured
product at a prescribed temperature and promotes decompo-
sition of the photocured product when heated due to the effect
of the acid catalyst produced from the compound which
yields an acid upon heating at 130° C. or above or 1rradiation
with active light rays, thereby reducing adhesion with the
board and facilitating swelling 1n the solution for removal of
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the photocured product. Here, a photosensitive resin compo-
sition according to the invention can drastically increase the
rate of heat-induced decomposition with respect to the rate of
heat-induced polymerization of the photocured product,
thereby vastly improving the removability of the photocured
product. In other words, a photosensitive resin composition of
the mvention eliminates the trade-off between resolution and
removability to a suificiently high degree which has not been
possible according to the prior art, to allow suificient
improvement in the removability while maintaining excellent
resolution. In particular, it 1s possible to simultaneously
achieve excellent resolution whereby a resist pattern can be
formed with a space width or line width (resolution) of 20 um
or smaller, and excellent removability for reliable removal of
the resist pattern.

The photosensitive resin composition of the invention pred-
erably further comprises (D) a binder polymer. Also, the
welght-average molecular weight of the (A) photopolymer-
1zing compound 1s preferably 5,000-300,000.

This type of photosensitive resin composition allows for-
mation of photocured products with high adhesion for boards
and resistance to swelling 1n developing solutions while also
achieving excellent resolution. In particular, since such a
photosensitive resin composition has a construction compris-
ing etther or both (D) a binder polymer and (A) a photopoly-
merizing compound with a weight-average molecular weight
of 5,000-300,000, 1t 1s possible to improve the coatability of
the photosensitive resin composition while adequately pre-
venting brittleness of the photocured product. As to the
removability of the formed photocured product, use of the
alorementioned photopolymerizing compound permits
decomposition to be achieved by heating of the photocured
product at a prescribed temperature, reduces adhesion with
the board and facilitates swelling 1n the solution for removal
of the cured product. Here, a photosensitive resin composi-
tion according to the invention can drastically increase the
rate of heat-induced decomposition with respect to the rate of
heat-induced polymerization of the photocured product,
thereby vastly improving the removability of the photocured
product. In other words, a photosensitive resin composition of
the mvention eliminates the trade-oif between resolution and
removability, to allow suilicient improvement in the remov-
ability while maintaining excellent resolution. In particular, 1t
1s possible to simultaneously achieve excellent resolution
whereby a resist pattern can be formed with a space width or
line width (resolution) of 20 um or smaller, and excellent
removability for reliable removal of the resist pattern.

From the standpoint of adequately exhibiting the effect of
the invention as described above, the weight-average molecu-
lar weight of the (D) binder polymer 1s preferably 5,000-300,
000 and the acid value 1s preferably 10-300 mg KOH/g.

The characteristic group in the (A) photopolymerizing
compound of the photosensitive resin composition of the
invention preferably has a structure represented by the fol-
lowing general formula (1), (2), (3) or (4).

[Chemical Formula 1]

(1)

Rl

|
C—0O0—C—0——
| |
O RZ

[in formula (1), R' and R* each independently represent
hydrogen atom or a C1-20 alkyl group].
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|[Chemical Formula 2]

(2)

[in formula (2), R® and R* each independently represent a
C1-20 alkyl group, and R> and R° each independently repre-
sent hydrogen atom or a C1-20 alkyl group].

|[Chemical Formula 3]

(3)

[in formula (3), R’ and R® each independently represent
hydrogen atom or a C1-20 alkyl group, and X represents a
divalent organic group].

[Chemical Formula 4]

(4)

[in formula (4), R” and R'® each independently represent a
C1-20 alkyl group].

A photopolymerizing compound (A) containing a charac-
teristic group with this construction in the molecule will tend
to reliably undergo breakage of bonds 1n the characteristic
group upon heating at 130-250° C., while exhibiting excellent

removability. It will therefore tend to more satisfactorily
exhibit the effect of the invention.

The bonds broken by heating 1n a characteristic group
represented by general formula (1) above may be, for
example, the bond between O—C and/or C—O 1n the group
O—C—O (C being the carbon atom bonded to R' and R* in
general formula (1)). Breakage of these bonds should pro-
duce, for example, a compound having the structure repre-
sented by general formula (35) below or a compound having
the structure represented by general formula (6) below, from
the characteristic group represented by general formula (1)
above.

|Chemical Formula 3]

()
—C—O0H
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|Chemical Formula 6]

(6)

The bond broken by heating 1n a characteristic group rep-
resented by general formula (2) or (4) above may be, for
example, the bond between O—C' 1n the group C—0O—C' ('
being the carbon atom bonded to R and R™ in general formula
(2) or the carbon atom bonded to R” and R'® in general
formula (4)). Breakage of the bond between O—C' should
produce, for example, a compound having the structure rep-
resented by general formula (5) above or a compound having
the structure represented by general formula (7) below from
the characteristic group represented by general formula (2)
above, or 1t should produce, for example, a compound having
the structure represented by general formula (8) below or a
compound having the structure represented by general for-
mula (9) below from the characteristic group represented by
general formula (4) above.

[Chemical Formula 7]

(7)

R3 R°

|
C—(C—
I‘:’f‘ R®

[in formula (7), R’is a group obtained by removing one
hydrogen atom from the carbon atom adjacent to C' of the
carbon atoms of R>].

[Chemical Formula 8]

(8)

H
N ﬁ OH

O

[Chemical Formula 9]

(®)

[in formula (9), R” is a group obtained by removing one
hydrogen atom from the carbon atom adjacent to C' of the
carbon atoms of R”].

As a result of cleaving the characteristic group represented
by general formula (1), (2) or (4) above, the photocured
product 1s left with a carboxyl group represented by general
formula (5) or (8) above, which facilitates swelling 1n aque-
ous alkal1 solutions and the like for removal of the photocured
product, and drastically improves the removability of the
photocured product.

Also, the bond broken by heating in a characteristic group
represented by general formula (3) above may be, for
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example, the bond between O—C and/or C—O 1n the group
O—C—O (C being the carbon atom bonded to R” and R® in
general formula (3)). Breakage of these bonds should pro-
duce, for example, a compound having the structure repre-
sented by general formula (10) below or a compound having
the structure represented by general formula (11) below, from
the characteristic group represented by general formula (3)
above.

[Chemical Formula 10]

X—OH

(10

[1n formula (10), X represents a divalent organic group].
|Chemical Formula 11]

(11)

As a result of cleaving the characteristic group represented
by general formula (3) above, the photocured product 1s left
with a hydroxyl group represented by general formula (10)
above, which facilitates swelling 1n aqueous alkali solutions
and the like for removal of the photocured product, and dras-
tically improves the removability of the photocured product.

The mvention further provides a photosensitive element
characterized by comprising a support {ilm and a photosen-
sitive resin composition layer composed of the aforemen-
tioned photosensitive resin composition formed on the sup-
port film.

Since the photosensitive element comprises a photosensi-
tive resin composition layer composed of a photosensitive
resin composition of the mvention which exhibits the effect
described above, 1t 1s possible to achieve high levels of both
resolution and removability, while improving manageability
and yield for manufacture of printed circuit boards using the
photosensitive element.

The invention still further provides a resist pattern forming,
method characterized by laminating a photosensitive resin
composition layer composed of the atorementioned photo-
sensitive resin composition or the photosensitive resin com-
position layer of the aforementioned photosensitive element,
onto a circuit-forming board, exposing prescribed sections of
the photosensitive resin composition layer to active light rays
for photocuring of the exposed sections, and then removing
the non-exposed sections.

Since this resist pattern forming method employs a photo-
sensitive resin composition of the mvention or a photosensi-
tive element of the invention exhibiting the effect described
above, 1t 1s possible to achieve excellent resolution while
forming a resist pattern with excellent removability.

The mvention still further provides a process for manufac-
turing a printed circuit board, characterized by comprising a
circuit-forming step 1n which a circuit-forming board having
a resist pattern formed thereon by the alorementioned resist
pattern forming method 1s subjected to etching or plating, and
a removal step 1n which the resist pattern 1s removed from the
circuit-forming board either during or after heating to 130-

250° C.

According to this manufacturing process, removal of a
resist pattern formed using a photosensitive resin composi-
tion of the mvention as described above 1s carried out either
during or after heating to 130-250° C., thereby allowing the
bonds of the characteristic group 1n the photopolymerizing
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compound to easily break by heating, such that adhesion of
the resist pattern with the circuit-forming board 1s reduced,
swelling 1n the developing solution 1s facilitated, and the
resist pattern can thus be easily and reliably removed. Of
particular value 1s that removal can be reliably achieved when
the resist pattern has been formed with a space width or line
width of 20 um or smaller.

From the standpoint of more reliably achieving the afore-
mentioned eflfect, the removal of the resist pattern in the
removal step 1s preferably carried out using an aqueous alkali
solution, and the heating time for the resist pattern is prefer-
ably one minute or longer.

The invention still further provides a method for removing
photocured products characterized in that a photocured prod-
uct obtained by laminating a photosensitive resin composi-
tion layer composed of the aforementioned photosensitive
resin composition or the photosensitive resin composition of
the aforementioned photosensitive element, onto a support
board and exposing 1t to active light rays for photocuring of
the photosensitive resin composition layer, 1s removed from
the support board either during or after heating to 130-250° C.

The method for removing a photocured product does not
have to be applied to the atorementioned process for manu-
facturing a printed circuit board, and may be applied as nec-
essary without restrictions to any purpose which requires
removal of a photosensitive resin composition after 1ts pho-
tocuring. Moreover, since the method for removing a photo-
cured product employs a photosensitive resin composition of
the 1invention or a photosensitive element of the invention
exhibiting the effect described above, it 1s possible to carry
out the removal during or after heating to 130-250° C.,
thereby allowing easy and reliable removal from support
boards.

From the standpoint of more reliably exhibiting the afore-
mentioned effect, the removal of the photocured product 1s
preferably carried out using an aqueous alkali solution, and
the heating time for the photocured product is preferably one
minute or longer.

Eftect of the Invention

According to the present invention, 1t 1s possible to provide
a photosensitive resin composition, a photosensitive element,
a resist pattern forming method, a process for manufacturing
a printed circuit board and a method for removing a photo-
cured product, which allow removability to be satisfactorily
improved while maintaining excellent resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional diagram showing a
preferred embodiment of a photosensitive element according
to the invention.

EXPLANATION OF SYMBOLS

1: Photosensitive element, 10: Support {ilm, 14: Photosen-
sit1ve resin composition layer

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Preferred modes of the invention will now be explained 1n
detail with reference to the accompanying drawings as nec-
essary. “(Meth)acrylic acid” according to the invention refers
to an acrylic acid or its corresponding methacrylic acid,
“(meth)acrylate” refers to an acrylate or 1ts corresponding
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methacrylate, and “(meth)acryloyl group” refers to an acry-
loyl group or 1ts corresponding methacryloyl group.

(Photosensitive Resin Composition)

As explained above, the photosensitive resin composition
of the mvention 1s a photosensitive resin composition coms-
prising the following components (A) and (B):

(A) a photopolymerizing compound with two or more eth-

ylenic unsaturated bonds 1n the molecule,

(B) a photopolymerization initiator which 1nitiates photo-
polymerization reaction of the (A) photopolymerizing
compound, characterized in that the molecule of the (A)
photopolymerizing compound further contains a char-
acteristic group with a bond which breaks when the (A)
photopolymerizing compound 1s heated under tempera-
ture conditions of 130-250° C.

The photosensitive resin composition of the invention pret-
erably turther comprises, 1n addition to the aforementioned
components (A) and (B), also the following components (C)
and/or (D):

(C) a compound which generates an acid upon heating at
130° C. or above or 1rradiation with active light rays
(hereimnatter referred to as “acid generator™),

(D) a binder polymer.

Components (A) to (D) will now be explained 1n greater

detaul.

The (A) photopolymerizing compound will be explained
first.

The (A) photopolymerizing compound 1s a compound hav-
ing the structure described above, wherein heating of the
compound under temperature conditions of 130-250° C.
breaks bonds in the aforementioned characteristic group.

The characteristic group having a bond which breaks upon
heating of the (A) photopolymerizing compound under tem-
perature conditions of 130-250° C. 1s preferably one having a
structure represented by general formula (1), (2), (3) or (4)
above.

R' in general formula (1) above must be a hydrogen atom
or a C1-20 alkyl group, but it 1s preferably a C1-20 alkyl
group, more preferably a C1-10 alkyl group, and most pret-
erably a C1-5 alkyl group. R* must also be ahydrogen atom or
a C1-20 alkyl group, but 1t 1s preferably hydrogen atom or a
C1-10 (more preferably C1-5) alkyl group.

R> and R* in general formula (2) above must each indepen-
dently be a C1-20 alkyl group, but the number of carbon
atoms of each alkyl group is preferably 1-10 and more pret-
erably 1-5. Also, R and R° must each independently be a
hydrogen atom or a C1-20 alkyl group, but they are preferably
hydrogen atoms or C1-10 (more preferably C1-5) alkyl
groups.

R’ in general formula (3) above must be a hydrogen atom
or a C1-20 alkyl group, but it 1s preferably a C1-20 alkyl
group, more preferably a C1-10 alkyl group, and most pret-
erably a C1-5 alkyl group. R® must also be ahydrogen atom or
a C1-20 alkyl group, but 1t 1s preferably hydrogen atom or a
C1-10 (more preferably C1-35) alkyl group. X must be a diva-
lent organic group, and the divalent organic group 1s prefer-
ably a C1-12 alkylene group or a phenylene group.

R” and R'® in general formula (4) above must each inde-
pendently be a C1-20 alkyl group, but the number of carbon
atoms of each alkyl group is preferably 1-10 and more pret-
erably 1-3.

The (A) photopolymerizing compound must undergo
breakage of bonds in the atorementioned characteristic group
upon heating at a temperature of 130-250° C., but preferably
at a temperature of 130-220° C. and more preferably at a
temperature of 150-200° C. The bonds preferably do not
break at a heating temperature of below 130° C. because such
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a situation can lead to undesirable bond breakage in other
steps such as solvent drying for formation of the photosensi-
tive resin composition layer. If a heating temperature of above
250° C.1snecessary for bond breakage, the heating may cause
thermal damage to the formed circuit and reduce working
safety.

The (A) photopolymerizing compound having a character-
1stic group represented by general formula (1) above may be
synthesized, for example, in the following manner.

As a first synthesis example of the (A) photopolymerizing
compound having a characteristic group represented by gen-
eral formula (1) above, there may be mentioned addition
reaction between a (meth)acrylic monomer having one car-
boxyl group 1n the molecule, and a compound having two or
more vinyl ether groups 1n the molecule.

As examples of (meth)acrylic monomers with one car-
boxyl group in the molecule there may be mentioned (meth)
acrylic acid, 2-(meth)acryloyloxyethyl phthalate, 2-(meth)

acryloyloxypropyl phthalate, 2-(meth)
acryloyloxyethylhexahydro phthalate, 2-(meth)
acryloyloxyethyl succinate, p-carboxyethyl acrylate and

co-carboxypolycaprolactone monoacrylate.

As examples of compounds with two or more vinyl ether
groups 1n the molecule there may be mentioned butanediol-
1,4-divinylether, cyclohexanedimethanol divinylether, ethyl-
eneglycol divinylether, diethyleneglycol divinylether, trieth-
yleneglycol divinylether, tetracthyleneglycol divinylether,
propyleneglycol divinylether, dipropyleneglycol divi-
nylether, tripropyleneglycol divinylether and hexanediol
divinylether. These are commercially available from ISP
Japan Co., Ltd. and BASF Co., Ltd. In addition to these, there
may be mentioned condensation products of polyphenols
such as bisphenol or phenol resins and halogenated alkyl
vinyl ethers, and reaction products of polyisocyanate com-
pounds and hydroxyalkyl vinyl ethers such as hydroxyethyl
vinylether.

As a second synthesis example of the (A) photopolymer-
1zing compound having a characteristic group represented by
general formula (1) above, there may be mentioned addition
reaction between a (meth)acrylic monomer having one car-
boxyl group 1n the molecule, and a compound having one or
more (meth)acryloyl groups and one vinyl ether group in the
molecule.

As (meth)acrylic monomers having one carboxyl group 1n
the molecule there may be mentioned the same compounds
referred to above for the first synthesis example of the (A)
photopolymerizing compound having a characteristic group
represented by general formula (1) above.

As examples of compounds having one or more (meth)
acryloyl groups and one vinyl ether group in the molecule,
there may be mentioned compounds synthesized by reaction
between a compound obtained by substituting chlorine for the
hydroxyl group 1n the carboxyl group of the aforementioned
(meth)acrylic monomer having one carboxyl group in the
molecule, and a compound having one or more hydroxyl
groups and one vinyl ether group, such as hydroxyethyl
vinylether, hydroxybutyl vinylether, cyclohexanedimethanol
monovinylether, ethyleneglycol monovinylether, diethyl-
eneglycol monovinylether, triethyleneglycol monovi-
nylether, propyleneglycol monovinylether, dipropylenegly-
col monovinylether or tripropyleneglycol monovinylether.

As a third synthesis example of the (A) photopolymerizing
compound having a characteristic group represented by gen-
eral formula (1) above, there may be mentioned addition
reaction between a compound having two or more carboxyl
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groups 1n the molecule, and a compound having one or more
(meth)acryloyl groups and one vinyl ether group in the mol-
ecule.

As examples of compounds having two or more carboxyl
groups 1n the molecule there may be mentioned C2-22 ali-
phatic polycarboxylic acids such as succinic acid, adipic acid,
azelaic acid, sebacic acid and decamethylenedicarboxylic
acid; aromatic polycarboxylic acids such as phthalic acid,
1sophthalic acid, terephthalic acid, trimellitic acid and pyrom-
ellitic acid; alicyclic polycarboxylic acids such as tetrahydro-
phthalic acid and hexahydrophthalic acid; and polyester res-
ins, acryl resins and malein-modified polybutadiene resins
having two or more carboxyl groups in the molecule.

As examples of compounds having one or more (meth)
acryloyl groups and one vinyl ether group 1n the molecule
there may be mentioned the same compounds referred to
above for the second synthesis example of the (A) photopo-
lymerizing compound having a characteristic group repre-
sented by general formula (1) above.

As a Tourth synthesis example of the (A) photopolymeriz-
ing compound having a characteristic group represented by
general formula (1) above, there may be mentioned addition
reaction between a polymer compound comprising a car-
boxylic acid-containing monomer as the essential copoly-
merizing component, and a compound having one or more
(meth)acryloyl groups and one vinyl ether group in the mol-
ecule.

As examples of polymer compounds comprising a car-
boxylic acid-containing monomer as the essential copoly-
merizing component there may be mentioned acrylic-based
resins, styrene-based resins, epoxy-based resins, amide-
based resins, amidoepoxy-based resins, alkyd-based resins
and phenol-based resins. Acrylic-based resins are especially
preferred. These may be used alone or 1n combinations of two
Or more.

The atorementioned acrylic-based resins may be produced
by radical polymerization of carboxyl group-containing radi-
cal polymerizing monomers and other radical polymerizing
monomers. As carboxyl group-containing polymerizing
monomers there may be mentioned (meth)acrylic acid,
a.-bromo(meth)acrylic acid, a-chlor(meth)acrylic acid, p-1u-
ryl(meth)acrylic acid, B-styryl(meth)acrylic acid, maleic
acid, fumaric acid, cinnamic acid, a-cyanocinnamic acid,
itaconic acid, crotonic acid, propiolic acid and the like, but
methacrylic acid 1s particularly preferred.

As examples of the atorementioned other radical polymer-
1zing monomers there may be mentioned polymerizable sty-
rene derivatives such as styrene, vinyltoluene, a-methylsty-
rene, p-methylstyrene and p-ethylstyrene, acrylamide,
acrylonitrile, vinyl alcohol esters such as vinyl n-butyl ether,
(meth)acrylic acid alkyl esters, (meth)acrylic acid tetrahydro-
turfuryl ester, (meth)acrylic acid dimethylaminoethyl ester,
(meth)acrylic acid diethylaminoethyl ester, (meth)acrylic
acid glycidyl ester, 2,2,2-trifluoroethyl(meth)acrylate, 2,2,3,
3-tetrafluoropropyl(meth)acrylate, and maleic acid
monoesters such as monomethyl maleate, monoethyl maleate
and monoisopropyl maleate. These may be used alone or 1n
combinations of two or more.

As examples of the aforementioned (meth)acrylic acid
alkyl esters there may be mentioned methyl(meth)acrylate,
cthyl(meth)acrylate, propyl(meth)acrylate, butyl(meth)acry-
late, pentyl(meth)acrylate, hexyl(meth)acrylate, heptyl
(meth)acrylate, octyl(meth)acrylate, 2-ethylhexyl(meth)
acrylate, and structural 1somers thereof. These may be used
alone or 1n combinations of two or more.

As compounds having one or more (meth)acryloyl groups
and one vinyl ether group in the molecule there may be
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mentioned the same compounds referred to above for the
second synthesis example of the (A) photopolymerizing com-
pound having a characteristic group represented by general
formula (1) above.

As (A) photopolymerizing compounds having a character-
istic group with the structure represented by general formula
(2) above there may be used compounds synthesized by addi-
tion reaction between a compound obtained by substituting
chlorine for the hydroxyl group in the carboxyl group of a
(meth)acrylic monomer having one carboxyl group in the
molecule, and a compound having two or more tertiary
hydroxyl groups in the molecule, such as 2,5-dimethyl-2,5-
hexanediol.

As a first synthesis example of the (A) photopolymerizing
compound having a characteristic group represented by gen-
eral formula (3) above, there may be mentioned addition
reaction between a compound having two or more phenolic or
alcoholic hydroxyl groups in the molecule, and a compound
having one or more (meth)acryloyl groups and one vinyl ether
group 1n the molecule.

As examples of compounds having two or more phenolic
or alcoholic hydroxyl groups 1n the molecule there may be
mentioned hydroquinone, catechol, pyrogallol, 1,2-cyclo-
hexanediol, 1,3-cyclohexanediol, 1,4-cyclohexanediol, 1.4-
cyclohexanedimethanol, biphenol, ethylene glycol addition
product of biphenol, 2,2'-bis(4-hydroxyphenyl)propane, 2,2'-
bis(4-hydroxyethoxyphenyl)propane, 2'-bis(4-hydroxy-
cthoxyphenyl)propane, tri(4-hydroxyphenyl)methane, 1,1,
1"-tri(4-hydroxyphenyl)ethane, (2-hydroxy-5-methyl)-1,3-
benzenedimethanol,  2,6-bis[(2-hydroxy-5-methylphenyl)
methyl]-4-methylphenol, 4.,4'-[1-[4-[1-(4-hydroxyphenyl)-
1 -methylethyl|phenyl]ethylidene]bisphenol and o',aM,aM'-
tris(4-hydroxyphenyl)-1,3,5-triisopropylzene.

As compounds having one or more (meth)acryloyl groups
and one vinyl ether group in the molecule there may be
mentioned the same compounds referred to above for the
second synthesis example of the (A) photopolymerizing com-
pound having a characteristic group represented by general
formula (1) above.

As a second synthesis example of the (A) photopolymer-
1zing compound having a characteristic group represented by
general formula (3) above, there may be mentioned addition
reaction between a (imeth)acrylate monomer having one phe-
nolic or alcoholic group 1n the molecule, and a compound
having one or more (meth)acryloyl groups and one vinyl ether
group 1n the molecule.

As (meth)acrylate monomers having one phenolic or alco-
holic group 1n the molecule there may be mentioned 2-hy-
droxyethyl(meth)acrylate, 3-hydroxypropyl(meth)acrylate
and 4-hydroxybutyl(meth)acrylate.

As compounds having one or more (meth)acryloyl groups
and one vinyl ether group in the molecule there may be
mentioned the same compounds referred to above for the
second synthesis example of the (A) photopolymerizing com-
pound having a characteristic group represented by general
formula (1) above.

As a third synthesis example of the (A) photopolymerizing
compound having a characteristic group represented by gen-
eral formula (3) above, there may be mentioned addition
reaction between a (imeth)acrylate monomer having one phe-
nolic or alcoholic group 1n the molecule, and a compound
having two or more vinyl ether groups 1n the molecule.

As (meth)acrylate monomers having one phenolic or alco-
holic group 1n the molecule there may be mentioned the same
compounds referred to above for the second synthesis
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example of the (A) photopolymerizing compound having a
characteristic group represented by general formula (3)
above.

As compounds having two or more vinyl ether groups 1n
the molecule there may be mentioned the same compounds
referred to above for the first synthesis example of the (A)
photopolymerizing compound having a characteristic group
represented by general formula (1) above.

As a fourth synthesis example of the (A) photopolymeriz-
ing compound having a characteristic group represented by
general formula (3) above, there may be mentioned addition
reaction between a polymer compound comprising a phenolic
or alcoholic hydroxyl group-containing monomer or a car-
boxyl group-containing monomer as the essential copolymer-
1zing component, and a compound having one or more (meth)
acryloyl groups and one vinyl ether group 1in the molecule.

As examples of polymer compounds comprising a phe-
nolic hydroxyl group-containing monomer as the essential
copolymerizing component there may be mentioned parahy-
droxystyrene resins and phenolic resins. As examples of poly-
mer compounds comprising an alcoholic hydroxyl group-
contaiming monomer as the essential copolymerizing
component there may be mentioned acrylic resins having
hydroxyalkyl groups on side chains. Also, as polymer com-
pounds comprising a carboxyl group-containing monomer as
the essential copolymerizing component there may be men-
tioned acrylic resins having carboxyl groups on side chains.
These may be used alone or in combinations of two or more.

As the (A) photopolymerizing compound having a charac-
teristic group represented by general formula (4) above there
may be used, for example, compounds synthesized by addi-
tion reaction between a (meth)acrylic monomer having one
1socyanate group 1n the molecule and a compound having two
or more tertiary hydroxyl groups in the molecule.

As an example of a (meth)acrylic monomer with one 1s0-
cyanate group 1n the molecule there may be mentioned ethyl
methacrylate 1socyanate.

As examples of compounds having two or more tertiary
hydroxyl groups in the molecule there may be mentioned
2,5-dimethyl-2,5-hexanediol, 2,7-dimethyl-2,7-octanediol,
2.9-dimethyl-2,9-decanediol and 2,11-dimethyl-2,11-dode-
canediol.

These examples of the (A) photopolymerizing compound
in the photosensitive resin composition of the mnvention may
be used alone or 1n combinations of two or more.

When a compound synthesized by the fourth synthesis
example for the (A) photopolymerizing compound having a
characteristic group represented by general formula (1) above
1s used as the (A) photopolymerizing compound in the pho-
tosensitive resin composition of the mmvention, the weight-
average molecular weight (as measured by gel permeation
chromatography (GPC) based on a calibration curve for stan-
dard polystyrene) 1s preferably 5,000-300,000. The photopo-
lymerizing compound (A) with a weight-average molecular
weight of 5,000-300,000 preferably performs the role as a
binder polymer. The weight-average molecular weight of the
(A) photopolymerizing compound 1s more preferably
20,000-300,000 and even more preferably 25,000-1350,000.
The (D) binder polymer described hereunder may also be
used with the (A) photopolymerizing compound.

The photosensitive resin composition of the invention may
also contain, 1n addition to the (A) photopolymerizing com-
pound mentioned above, also other photopolymerizing com-
pounds having at least one ethylenic unsaturated bond 1n the
molecule, 1n a range which does not inhibit the etffect of the
invention. As examples of other photopolymerizing com-
pounds there may be mentioned compounds obtained by
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reacting an o.,-unsaturated carboxylic acid with a polyhy-
dric alcohol, bisphenol A-type (meth)acrylate compounds,
compounds obtained by reacting an o,f3-unsaturated car-
boxylic acid with a glycidyl group-containing compound,
urethane monomers such as (meth)acrylate compounds hav-
ing urethane bonds in the molecule, nonylphenoxypolyethyl-
ene oxyacrylates, phthalic acid-based compounds, (meth)
acrylic acid alkyl esters, and the like.

As examples of compounds obtained by reacting an «.,[3-
unsaturated carboxylic acid with a polyhydric alcohol there
may be mentioned polyethyleneglycol di(meth)acrylates
having 2-14 ethylene groups, polypropyleneglycol di(meth)
acrylates having 2-14 propylene groups, polyethylene-
polypropyleneglycol diimeth)acrylates having 2-14 ethylene
groups and 2-14 propylene groups, trimethylolpropane
di(meth)acrylate, trimethylolpropane tri{meth)acrylate, EO-
modified trimethylolpropane tri{meth)acrylate, PO-modified
trimethylolpropane tri(meth )acrylate, EO.PO-modified trim-
cthylolpropane tri{meth)acrylate, tetramethylolmethane tri
(meth)acrylate, tetramethylolmethane tetra(meth)acrylate,
dipentaerythritol penta(meth)acrylate and dipentaerythritol
hexa(meth)acrylate. These may be used alone or 1n combina-
tions of two or more. Here, “EQO” refers to ethylene oxide, and
an EO-modified compound 1s one that has an ethylene oxide
unit block structure. “PO” refers to propylene oxide, and a
PO-modified compound is one that has a propylene oxide unit
block structure.

As the atorementioned bisphenol A-type (meth)acrylate
compounds there may be mentioned2,2-bis(4-((meth)acry-
loxypolyethoxy )phenyl)propane, 2,2-bis(4-((meth)acry-
loxypolypropoxy)phenyl)propane, 2,2-bis(4-((meth)acry-
loxypolybutoxy)phenyl)propane and  2,2-bis(4-((meth)
acryloxypolyethoxypolypropoxy)phenyl)propane. As
examples of the aforementioned 2,2-bis(4-((meth)acryloxy-
polyethoxy)phenyl)propane compounds there may be men-
tioned 2,2-bis(4-((meth)acryloxydiethoxy)phenyl)propane,
2,2-bis(4-((meth)acryloxytriethoxy)phenyl)propane, 2,2-bis

(4-((meth)acryloxytetracthoxy)phenyl )propane, 2,2-bis(4-
((meth)acryloxypentacthoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxyhexaethoxy )phenyl)propane, 2,2-bis(4-
((meth)acryloxyheptaecthoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxyoctaethoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxynonaethoxy )phenyl)propane, 2,2-bis(4-
((meth)acryloxydecaethoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxyundecaethoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxydodecaethoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxytridecaethoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxytetradecaethoxy)phenyl)propane, 2,2-bis(4-
((meth)acryloxypentadecaethoxy)phenyl)propane and 2,2-

bis(4-((meth)acryloxyhexadecaethoxy)phenyl )propane,

among which 2,2-bis(4-(methacryloxypentacthoxy)phenyl)
propaneis commercially available as BPE-300 (trade name of
Shin-Nakamura Chemical Co., Ltd.), and 2,2-bis(4-(meth-

acryloxypentadecaethoxy)phenyl)propane 1s commercially
available as BPE-1300 (trade name of Shin-Nakamura

Chemical Co., Ltd.). The number of ethylene oxide groups
per molecule of the 2,2-bis(4-((meth)acryloxypolyethoxy)
phenyl)propane is preferably 4-20 and more preferably 8-15.

As examples of the aforementioned (meth)acrylate com-
pounds having a urethane bond in the molecule there may be
mentioned addition products of (meth)acrylic monomers
having OH groups at the 3 position and diisocyanate com-
pounds (isophoronediisocyanate, 2,6-toluenediisocyanate,
2.4-toluenediisocyanate, 1,6-hexamethylenediisocyanate,
etc.), tris((meth)acryloxytetracthyleneglycol 1socyanate)
hexamethylene 1socyanurate,
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EO-modified urethane di(meth)acrylate, and EO.PO-modi-
fied urethane di(meth)acrylate. As an example of an EO-
modified urethane di{meth)acrylate there may be mentioned
UA-11 (trade name of Shin-Nakamura Chemaical Co., Ltd.).
As an example of an EO.PO-modified urethane di{meth)acry-
late there may be mentioned UA-13 (trade name of Shin-
Nakamura Chemical Co., Ltd.).

As examples of the alorementioned nonylphenoxypolyeth-
yleneoxy acrylates there may be mentioned nonylphenox-
ytetracthyleneoxy acrylate, nonylphenoxypentaethyleneoxy
acrylate, nonylphenoxyhexaethyleneoxy acrylate, nonylphe-
noxyheptaethylencoxy acrylate, nonylphenoxyoctaethyl-
encoxy acrylate, nonylphenoxynonaecthylencoxy acrylate,
nonylphenoxydecaethyleneoxy acrylate and nonylphenox-
yundecaethyleneoxy acrylate.

As the aforementioned phthalic acid-based compounds
there may be mentioned y-chloro-3-hydroxypropyl-3'-(meth)
acryloyloxyethyl-o-phthalate and 3-hydroxyalkyl-p'-(meth)
acryloloxyalkyl-o-phthalate.

The (B) photopolymerization mitiator will now be
explained.

As examples of the (B) photopolymerization initiator there
may be mentioned aromatic ketones including benzophe-
none, N,N'-tetraalkyl-4.,4'-diaminobenzophenones such as
N,N'-tetramethyl-4,4'-diaminobenzophenone (Michler’s
ketone), 2-benzyl-2-dimethylamino-1-(4-morphorinophe-
nyl)-butanone-1,2-methyl-1-[4-(methylthio)phenyl]-2-mor-
pholino-propanone-1 and the like, quinones such as alkylan-
thraquinones, benzoin ether compounds such as benzoin
alkyl ethers, benzoin, benzoin compounds such as alkylben-
zoins, benzyl dervatives such as benzyldimethyl ketal, 2.4,
S-tniarylimidazole dimers such as 2-(o-chlorophenyl)-4,3-
diphenylimidazole dimer, 2-(o-chlorophenyl)-4,5-di
(methoxyphenyl imidazole dimer, 2-(o-fluorophenyl)-4,3-
diphenylimidazole dimer, 2-(o-methoxyphenyl)-4,5-
diphenylimidazole dimer and 2-(p-methoxyphenyl)-4,5-
diphenylimidazole dimer, acridine derivatives such as
9-phenylacridine and 1,7-b1s(9,9'-acridinyl)heptane, N-phe-
nylglycine, N-phenylglycine derivatives, coumarin-based
compounds, and the like. Substituents on two of the aryl
groups of 2,4,5-triarylimidazole may be 1dentical to yield a
symmetrical compound, or they may be different to yield an
asymmetrical compound. These compounds may be used
alone or 1n combinations of two or more.

The (C) acid generator will now be explained.

As examples for the (C) acid generator there may be men-
tioned onium salts such as diazonium salts, 1odonium salts,
bromonium salts, chloronium salts, sulfonium salts, sele-
nonium salts, pyrylium salts, thiapyrilium salts and pyri-
dinium salts; halogenated compounds such as tris(trihalom-
cthyl)-s-triazine and 1ts dermvatives; sulfonic acid
2-nitrobenzyl ester; iminosulfonates; 1-o0xo-2-diazonaphtho-
quinone-4-sulfonate derivatives; N-hydroxyimidesulifonate;
triimethanesulfonyloxy)benzene derivatives; bissulfonyldia-
zomethanes; sulfonylcarbonylalkanes; sulfonylcarbonyldia-
zomethanes; disulfone compounds, and the like.

The (D) binder polymer will now be explained.

As examples for the (D) binder polymer there may be
mentioned acrylic-based resins, styrene-based resins, epoxy-
based resins, amide-based resins, amidoepoxy-based resins,
alkyd-based resins and phenol-based resins. Acrylic-based
resins are preferred from the standpoint of alkali developing,
properties. Theseresins may be used alone or in combinations
of two or more.

The aforementioned binder polymer may be produced, for
example, by radical polymerization of a polymerizing mono-
mer. As examples of polymerizing monomers there may be
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mentioned polymerizable styrene derivatives such as styrene,
vinyltoluene, a-methylstyrene, p-methylstyrene and p-ethyl-
styrene, acrylamide, acrylonitrile, vinyl alcohol esters such as
vinyl-n-butyl ether, (meth)acrylic acid alkyl esters, (meth)
acrylic acid tetrahydrofurturyl ester, (imeth)acrylic acid dim-
cthylaminoethyl ester, (meth)acrylic acid diethylaminoethyl
ester, (meth)acrylic acid glycidyl ester, 2,2,2-trifluoroethyl
(meth)acrylate, 2,2,3,3-tetrafluoropropyl(meth)acrylate,
(meth)acrylic acid, a-bromo(meth)acrylic acid, a-chlor
(meth)acrylic acid, 3-furyl(meth)acrylic acid, 3-styryl(meth)
acrylic acid, maleic acid, maleic anhydride, maleic acid
monoesters such as monomethyl maleate, monoethyl maleate
and monoisopropyl maleate, fumaric acid, cinnamic acid,
a.-cyanocinnamic acid, itaconic acid, crotonic acid, propiolic
acid, and the like. These may be used alone or 1n combina-
tions of two or more.

As examples of the aforementioned (meth)acrylic acid
alkyl esters there may be mentioned methyl(meth)acrylate,
cthyl(meth)acrylate, propyl(meth)acrylate, butyl(meth)acry-
late, pentyl(meth)acrylate, hexyl(meth)acrylate, heptyl
(meth)acrylate, octyl(meth)acrylate, 2-ethylhexyl(meth)
acrylate, and structural 1somers thereof. These may be used
alone or 1n combinations of two or more.

The binder polymer preferably contains a carboxyl group
from the standpoint of alkali developing properties, and for
example, 1t may be produced by radical polymerization of a
carboxyl group-containing polymerizing monomer and
another polymerizing monomer. Methacrylic acid 1s a pre-
terred carboxyl group-containing polymerizing monomer.

The binder polymer also preferably contains styrene and/or
a styrene-derivative as the polymerizing monomer, from the
standpoint of adhesion and removability. I styrene or a sty-
rene derivative 1s present as the polymerizing monomer, the
content 1s preferably 3-30 mass %, more preferably 4-28 mass
% and even more preferably 5-27 mass % from the standpoint
of achieving satisfactory adhesion and removability. If the
content 1s less than 3 mass % the adhesion will tend to be
inferior, and 1f 1t 1s greater than 30 mass % the removal time
(release start time) will tend to be lengthened.

The acid value of the binder polymer 1s preterably 10-300
mg KOH/g, more preferably 30-200 mg KOH/g and even
more preferably 45-150 mg KOH/g. It the acid value 1s less
than 10 mg KOH/g the developing time will tend to be length-
ened, and 1f 1t 1s greater than 300 mg KOH/g the developing
solution resistance of the photocured resist will tend to be
reduced. When solvent development 1s carried out as the
developing step, the carboxyl group-containing polymerizing
monomer 1s preferably adjusted to a small amount.

The weight-average molecular weight of the binder poly-
mer (as measured by gel permeation chromatography (GPC)

based on a calibration curve for standard polystyrene) 1s
preferably 5,000-300,000, more preferably 20,000-300,000

and most preferably 25,000-150,000. If the weight-average
molecular weight 1s less than 5,000 the developing solution
resistance will tend to be lowered, and it 1t exceeds 300,000
the developing time will tend to be lengthened.

The binder polymer may also include photosensitive
groups 11 necessary.

Such binder polymers may be used alone or 1n combina-
tions of two or more. As examples ol binder polymers of
which two or more types are used 1n combination there may
be mentioned two or more different binder polymers com-
posed of different polymerizing monomers, two or more dif-
ferent binder polymers with different weight-average
molecular weights, and two or more different binder poly-
mers with different dispersities. There may also be used a
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polymer having a multimode molecular weight distribution
such as described 1n Japanese Unexamined Patent Publica-

tion HEI No. 11-327137.

When the photosensitive resin composition of the mven-
tion contains the (D) binder polymer, the content of the (D)
binder polymer in the photosensitive resin composition 1s
preferably 40-80 parts by mass and more preferably 45-70
parts by mass based on 100 parts by mass as the total of the
(A) photopolymerizing compound and (D) binder polymer. If
the content 1s below the atorementioned lower limit the pho-
tocured product will tend to be brittle and when used as a
photosensitive element i1t will tend to exhibit inferior coat-
ability, while 11 the content 1s above the aforementioned upper
limait, the photosensitivity will be imnsuificient and the remov-
ability of the photocured product will tend to be reduced.

The content of the (B) photopolymerization initiator 1s
preferably 0.1-20 parts by mass and more preferably 0.2-10
parts by mass with respect to 100 parts by mass as the total of
the (A) photopolymerizing compound and (D) binder poly-
mer. If the content 1s below the atorementioned lower limit
the photosensitivity will tend to be insufficient, while 11 1t 1s
above the aforementioned upper limit absorption will be
increased on the surface of the photosensitive resin compo-
sition during exposure, tending to result 1n insufficient pho-
tocuring 1n the nterior.

When the photosensitive resin composition of the inven-
tion comprises (C) an acid generator, the content of the (C)
acid generator in the photosensitive resin composition 1s prei-
erably no greater than 30 parts by mass and more preferably
no greater than 20 parts by mass with respect to 100 parts by
mass as the total of the (A) photopolymerizing compound and
(D) binder polymer. If the content is greater than this limiat, the
storage stability will tend to be reduced. A photosensitive
resin composition of the mvention including the (C) acid
generator at a content below this limit will tend to have a
lower temperature for breakage of the bonds of the charac-
teristic group.

If necessary, the photosensitive resin composition of the
invention may also contain a dye such as malachite green, a
photo coloring agent such as tribromophenylsulfone or leu-
cocrystal violet, a thermal coloring inhibitor, a plasticizer
such as p-toluenesulfonamide, a pigment, a filler, a defoam-
ing agent, a flame retardant, a stabilizer, a tackifier, a leveling
agent, an antioxidant, an aroma, an 1maging agent, a
crosslinking agent, or the like. These may be used alone or 1n
combinations of two or more.

The photosensitive resin composition may, if necessary, be
dissolved 1n a solvent such as methanol, ethanol, acetone,
methyl ethyl ketone, methylcellosolve, ethylcellosolve, tolu-
ene, N,N-dimethylformamide or propyleneglycol monom-
cthylether, or a mixture of these solvents, and coated as a
solution with a solid portion of about 30-60 mass %.

The photosensitive resin composition 1s preferably applied
as a liquid resist onto a metal surface such as copper, copper-
based alloy, 1ron, 1ron-based alloy or the like, without any
particular restriction, and then dried and covered with a pro-
tective f1lm 11 necessary, or used 1n the form of a photosensi-
tive element as described hereunder.

The thickness of the photosensitive resin composition
layer for use 1n this manner will differ depending on the
purpose, but 1s preferably about 1-100 um and more prefer-
ably 1-50 um. A thickness of less than 1 um will tend to
hamper industrial coating, while a thickness of greater than
100 um will tend to reduce the effect of the invention com-
pared to a thickness within the aforementioned range, and
will tend to reduce the adhesive force and resolution.
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(Photosensitive Element)

FIG. 1 1s a schematic cross-sectional diagram showing a
preferred embodiment of a photosensitive element according
to the invention. The photosensitive element 1 shown 1 FIG.
1 1s provided with a support film 10 and a photosensitive resin
composition layer 14 made of a photosensitive resin compo-
sition of the invention, formed on the support film 10.

The support film 10 may be, for example, a polymer film
such as polyethylene terephthalate, polypropylene, polyeth-
ylene or polyester.

The thickness of the polymer film 1s preferably 1-100 um,
more preferably 5-60 um, even more preferably 8-50 um and
most preferably 10-40 um. A thickness of less than 1 pm wall
result in cracking during release of the support prior to devel-
opment, while a thickness of greater than 100 um will tend to
reduce the resolution.

The photosensitive resin composition layer 14 can be
obtained by dissolving the photosensitive resin composition
in a solvent to make a coating solution, and applying and
drying 1t on the support film. The application may be accom-
plished by a publicly known process using a roll coater,
comma coater, gravure coater, air knife coater, die coater, bar
coater or the like. The drying may be carried out at 70-150° C.
for about 5-30 minutes, to an extent that the bonds of the (A)
polymerizing compound are not broken. The residual organic
solvent content of the photosensitive resin composition layer
1s preferably no greater than 2 mass %, from the standpoint of
preventing diffusion of the organic solvent 1n later steps.

For a photosensitive element of the invention, the photo-
sensitive resin composition layer 14 may be laminated on
both sides with one polymer film as the support film 10 for the
photosensitive resin composition layer 14, and another as a
photosensitive resin composition protective film (not shown).
Here, the protective film covers side F1 which 1s opposite the
support f1lm 10 of the photosensitive resin composition layer
14. The protective film 1s preferably one such that the adhe-
stve Torce between the photosensitive resin composition layer
14 and the protective film 1s less than the adhesive force
between the photosensitive resin composition layer 14 and
support film 10, and preferably 1s a film with minimal fish-
eyes.

The thickness of the protective film 1s preferably 5-50 um,
more preferably 10-40 um and most preferably 15-30 pum. A
thickness of less than 5 um will tend to result 1n tearing of the
protective {ilm during lamination, while a thickness of greater
than 50 um will tend to economically disadvantageous.

The photosensitive element 1 may also comprise, 1n addi-
tion to the photosensitive resin composition layer 14, support
film 10 and protective film, also an interlayer or protective
layer such as a cushion layer, adhesive layer, photoabsorbing
layer or gas barrier layer.

The photosensitive element 1 1s stored, for example,
directly or with a protective film further laminated on the
other side of the photosensitive resin composition prior to
coiling up onto a cylindrical core into a roll form. It 1s pret-
erably coiled with the support film on the outermost side. The
edges of the photosensitive element coiled into a roll are
preferably provided with an edge separator from the stand-
point of edge protection, and a moisture-resistant edge sepa-
rator from the standpoint ol preventing edge fusion. The
packing method preferably involves wrapping with a low-
moisture-permeable black sheet.

The matenial for the core may be plastic such as, for
example, a polyethylene resin, polypropylene resin, polysty-
rene resin, polyvinyl chloride resin, ABS resin (acrylonitrile-
butadiene-styrene copolymer) or the like.
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(Resist Pattern Forming Method)

The resist pattern forming method of the invention 1s a
method 1n which a photosensitive resin composition layer
composed of the alorementioned photosensitive resin com-
position or a photosensitive resin composition layer i the
alorementioned photosensitive element 1s laminated on a cir-
cuit-forming board, active light rays are irradiated on pre-
scribed areas of the photosensitive resin composition layer for
photocuring of the exposed sections, and then the non-ex-
posed sections are removed to form a resist pattern.

The method for laminating the photosensitive resin com-
position layer made of the photosensitive resin composition
may be a method wherein the photosensitive resin composi-
tion 1s dissolved 1n a solvent to prepare a coating solution
which 1s then applied and dried on a circuit-forming board.
The solvent, application method and drying conditions
employed may be the same as for formation of a photosensi-
tive resin composition layer in a photosensitive element.

When a protective film 1s present, the method of laminating
the photosensitive resin composition layer using a photosen-
sitive element may be a lamination method in which the
protective film 1s first removed, and then the photosensitive
resin composition layer 1s contact bonded onto the circuit-
forming board at a pressure of about 0.1-1.0 MPa (about 1-10
kef/cm?®) while heating at about 70-130° C., or alternatively
lamination may be carried out under reduced pressure. The
laminating surface of the circuit-forming board 1s an ordinary
metal surface but 1s not particularly restricted.

The photosensitive resin composition layer on which lami-
nation has been completed in the manner described above 1s
irradiated with active light rays onto prescribed sections (a
prescribed image form) through a mask pattern (pattern expo-
sure), for photocuring of the exposed sections. When the
support 11lm on the photosensitive resin composition layer 1s
transparent, the active light rays may be irradiated through the
support 1ilm, but when the support film 1s opaque, it must be
removed belfore wrradiating the active light rays. The light
source for the active light rays may be a publicly known light
source which efficiently emits ultraviolet rays or visible light
rays, such as a carbon arc lamp, mercury-vapor arc lamp,
high-pressure mercury lamp or xenon lamp. There may also
be employed direct writing exposure methods that do not
need a mask pattern, such as laser direct writing exposure
methods or DLP (Dagital Light Processing) exposure meth-
ods.

When the support remains on the photosensitive resin com-
position layer after pattern exposure, the support i1s then
removed off and the unexposed sections are removed by wet
development with an aqueous alkali solution, aqueous devel-
oping solution or organic solvent, or by dry development, to
form a resist pattern.

The atorementioned aqueous alkali solution may be, for
example, a 0.1-5 wt % sodium carbonate dilute solution, a
0.1-5 wt % potassium carbonate dilute solution or a 0.1-5 wt
% sodium hydroxide dilute solution. The pH of the aqueous
alkal1 solution 1s preferably in the range of 9-11, and the
temperature 1s adjusted for the developing properties of the
photosensitive resin composition. The aqueous alkali solu-
tion may also contain a surfactant, defoaming agent, organic
solvent and the like. As examples of developing systems there
may be mentioned dip systems, spray systems, brushing sys-
tems and slapping systems.

As post-development treatment 11 necessary, the resist pat-
tern may be further cured by exposure at about 0.2-10 J/cm”.

(Printed Circuit Board Manufacturing Process)

The printed circuit board manufacturing process of the
invention 1s a process comprising a circuit-forming step 1n

10

15

20

25

30

35

40

45

50

55

60

65

20

which a circuit-forming board having a resist pattern formed
thereon by the aforementioned resist pattern forming method
1s subjected to etching or plating, and a removal step in which
the resist pattern 1s removed from the circuit-forming board
either during or after heating to 130-250° C.

The circuit-forming step may be carried out by using the
developed resist pattern as a mask for etching or plating of the
surface of the circuit-forming board by a publicly known
process.

Examples of plating include copper plating, solder plating,
nickel plating and gold plating. The metal surface may be
ctched by using, for example, a copper(1l) chloride solution,
an 1ron(Il) chloride solution or an alkal1 etching solution.

Removal of the resist pattern 1n the removal step may be
carried out after or while heating the resist pattern. Heating of
the resist pattern must be carried out under temperature con-
ditions of 130-250° C., depending on the (A) photopolymer-
1zing compound or photosensitive resin composition used,
but 1s preferably carried out under temperature conditions of
140-220° C. and 1s more preferably carried out under tem-
perature conditions o1 150-200° C. If the heating temperature
1s below 130° C., the bonds of the characteristic group will not
break sufliciently and removal of the resist pattern will be
unsatisfactory. I the heating temperature 1s above 250° C.,
the formed circuit may suffer thermal damage and operation
safety may be reduced.

The heating time 1s preferably between 30 seconds and 1
hour, more preferably between 1 and 30 minutes and most
preferably between 5 and 20 minutes, from the standpoint of
adequately breaking the bonds of the characteristic groups for
reliable removal of the resist pattern.

When the photosensitive resin composition includes an
acid generator, the heating may be preceded by irradiation
with active light rays. The active light ray source may be a
publicly known light source which efficiently emits ultravio-
let rays or visible light rays, such as a carbon arc lamp,
mercury-vapor arc lamp, high-pressure mercury lamp or
xenon lamp.

Removal of the resist pattern 1n the removal step may be
accomplished using an aqueous alkali solution, optionally
containing an organic amine or organic solvent, such as a
0.1-10 wt % aqueous sodium carbonate solution, a 0.1-10 wt
% aqueous potasstum carbonate solution, a 0.1-10 wt % aque-
ous sodium hydroxide solution or a 0.1-10 wt % aqueous
potassium hydroxide solution. The removal system may be,
for example, a dipping system or spraying system. The
removal step may also be carried out under pressure.

(Photocured Product Removal Method)

The photocured product removal method of the invention 1s
a method wherein a photocured product, obtained by lami-
nating a photosensitive resin composition layer composed of
a photosensitive resin composition of the mvention or the
photosensitive resin composition layer of a photosensitive
clement of the invention onto a support board and exposing 1t
to active light rays for photocuring of the photosensitive resin
composition layer, 1s removed from the support board either
during or after heating to 130-250° C. This removal method
can also be applied to fields other than manufacture of printed
circuit boards and the like. The support board 1s not particu-
larly restricted so long as it can be laminated with the photo-
sensitive resin composition layer.

The method used for removal of a photocured product
laminated on a support board may be the same method as for
removal of a resist pattern in the removal step of the process
for manufacturing a printed circuit board described above,
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and the heating temperature or heating time of the photocured
product, as well as the solution and system used for removal,
may also be the same.

EXAMPLES

The present mvention will now be explained 1n greater

detall by examples and comparative examples, with the
understanding that the invention 1s not limited to the

examples.

Synthesis of (A) Photopolymerizing Compound
Synthesis of (A) Photopolymerizing Compound A-1

After placing 861 parts by mass of methacrylic acid, 791
parts by mass of diethyleneglycol divinylether and 3.3 parts
by mass of 2-ethylhexyl phosphate 1n a sample bottle, the
mixture was stirred with a mix rotor for 2 days at room
temperature to obtain photopolymerizing compound A-1.
NMR spectral analysis of the structure of the compound
confirmed the presence of two methacryloyl groups per mol-
ecule, thereby 1dentitying it as the compound represented by
the following general formula (12).

|Chemical Formula 12]

(12)

TY T

CH; CH;
— CH3

HZC)\

Synthesis of (A) Photopolymerizing Compound A-2

After placing 721 parts by mass of acrylic acid, 791 parts
by mass of diethyleneglycol divinylether and 5.3 parts by
mass of 2-ethylhexyl phosphate 1n a sample bottle, the mix-
ture was stirred with a mix rotor for 2 days at room tempera-
ture to obtain photopolymerizing compound A-2. NMR spec-
tral analysis of the structure of the compound confirmed the
presence of two acryloyl groups per molecule, thereby 1den-
tifying 1t as the compound represented by the following gen-
eral formula (13).

|Chemical Formula 13]

(13)

YUY

HECA

Synthesis of (A) Photopolymerizing Compound A-3

After placing 2162 parts by mass of 2-acryloyloxyethyl
succinate, 791 parts by mass of diethyleneglycol divinylether
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and 5.3 parts by mass of 2-ethylhexyl phosphate 1n a sample
bottle, the mixture was stirred with a mix rotor for 2 days at
room temperature to obtain photopolymerizing compound
A-3. NMR spectral analysis of the structure of the compound
coniirmed the presence of two acryloyl groups per molecule,
thereby 1dentifying 1t as the compound represented by the
following general formula (14).

[Chemical Formula 14]

(14)

YT

CH3 CHS

Z NN )k/\
Hzc/\ﬂ/ .

Synthesis of (A) Photopolymerizing Compound A-4

After placing 2703 parts by mass of 2-acryloyloxyethyl
hexahydrophthalate, 791 parts by mass of diethyleneglycol
divinylether and 5.3 parts by mass of 2-ethylhexyl phosphate
in a sample bottle, the mixture was stirred with a mix rotor for
2 days at room temperature to obtain photopolymerizing
compound A-4. NMR spectral analysis of the structure of the
compound confirmed the presence of two acryloyl groups per
molecule, thereby identifying it as the compound represented

by the following general formula (15).

[Chemical Formula 135]

(15)

YT

CH3 CH3

A NN
T

Synthesis of (A) Photopolymerizing Compound A-5

After placing 2783 parts by mass of 2-acryloyloxypropyl
phthalate, 791 parts by mass of diethyleneglycol divinylether
and 5.3 parts by mass of 2-ethylhexyl phosphate 1n a sample
bottle, the mixture was stirred with a mix rotor for 2 days at
room temperature to obtain photopolymerizing compound
A-5.NMR spectral analysis of the structure of the compound
confirmed the presence of two acryloyl groups per molecule,
thereby 1dentifying 1t as the compound represented by the
tollowing general formula (16).
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|Chemical Formula 16] (16)

Z’ O O 0O O 75
YN

CH; CH; O

CH; 4
O\)\
75 = Hch//\[( ’
O

Synthesis of (A) Photopolymerizing Compound A-6

10

15

After placing 55 mmol of hydroquinone, 100 mmol of

4-vinyloxybutyl methacrylate, 0.25 mmol of pyridinium
p-toluenesulfonate and 20 g of dimethylformamide 1n a
sample bottle, the mixture was stirred with a mix rotor for 2
days at room temperature. It was then transferred to a sepa-
ratory funnel, 100 g of ethyl acetate was added and the mix-
ture was washed with 1% aqueous sodium hydrogencarbon-
ate. The oily layer was then separated, and sodium sulfate was
added to the oily layer for drying. The sodium sulfate was
filtered out and the solvent was distilled off under reduced
pressure to obtain photopolymerizing compound A-6. NMR
spectral analysis of the structure of the compound confirmed
the presence of two methacryloyl groups per molecule,
thereby 1dentifying 1t as the compound represented by the
tollowing general formula (17).
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[Chemical Formula 17]

!
_\_\_O

(17)

Synthesis of (A) Photopolymerizing Compound A-7

After placing 55 mmol of bisphenol A, 100 mmol of 2-(2'-
vinyloxyethoxy)ethyl methacrylate (product of Nihon
Shokubai Co., Ltd.), 0.3 mmol of pyridintum p-toluene-
sulfonate and 30 g of dimethylformamide 1n a sample bottle,
the mixture was stirred with a mix rotor for 2 days at room
temperature. It was then transierred to a separatory funnel,
100 g of ethyl acetate was added and the mixture was washed
with 1% aqueous sodium hydrogencarbonate. The oily layer
was then separated, and sodium sulfate was added to the oily
layer for drying. The sodium sulfate was filtered out and the
solvent was distilled off under reduced pressure to obtain
photopolymerizing compound A-7. NMR spectral analysis of
the structure of the compound confirmed the presence of two
methacryloyl groups per molecule, thereby 1dentilying 1t as
the compound represented by the following general formula
(18).

[Chemical Formula 18]

(18)

NP e

Synthesis of (A) Photopolymerizing Compound A-8

After placing 55 mmol of hydroquinone, 100 mmol of
2-(2'-vinyloxyethoxy)ethyl methacrylate (product of Nihon
Shokubai Co., Ltd.), 0.25 mmol of pyridinium p-toluene-
sulfonate and 20 g of dimethylformamide 1n a sample bottle,
the mixture was stirred with a mix rotor for 2 days at room
temperature. It was then transierred to a separatory funnel,
100 g of ethyl acetate was added and the mixture was washed
with 1% aqueous sodium hydrogencarbonate. The o1ly layer
was then separated, and sodium sulfate was added to the oily
layer for drying. The sodium sulfate was filtered out and the
solvent was distilled off under reduced pressure to obtain
photopolymerizing compound A-8. NMR spectral analysis of
the structure of the compound confirmed the presence of two
methacryloyl groups per molecule, thereby 1dentifying 1t as
the compound represented by the following general formula

(19).
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|Chemical Formula 19]

(19)

%

VAN
O

o—\_o

>_

Synthesis of (A) Photopolymerizing Compound A-9

\ O

O

After placing 55 mmol of 1,4-cyclohexanedimethanol, 100 20
mmol of 2-(2'-vinyloxyethoxy)ethyl methacrylate (product
of Nihon Shokubai Co., Ltd.), 0.25 mmol of pyridinium
p-toluenesulionate and 20 g of dimethyliormamide in a
sample bottle, the mixture was stirred with a mix rotor for 2
days at room temperature. It was then transferred to a sepa- 25
ratory funnel, 100 g of ethyl acetate was added and the mix-
ture was washed with 1% aqueous sodium hydrogencarbon-
ate. The o1ly layer was then separated, and sodium sulfate was
added to the oily layer for drying. The sodium sulfate was
filtered out and the solvent was distilled off under reduced 30
pressure to obtain photopolymerizing compound A-9. NMR
spectral analysis of the structure of the compound confirmed
the presence of two methacryloyl groups per molecule,
thereby 1dentifying 1t as the compound represented by the
tollowing general formula (20). 35

|Chemical Formula 20]

~
T\, / C>,O
ROS

o—\_o

A

Synthesis of (A) Photopolymerizing Compound
A-10 55

After placing 45 mmol of triphenolmethane, 120 mmol of
2-(2'-vinyloxyethoxy)ethyl methacrylate (product of Nihon
Shokubai Co., Ltd.), 0.5 mmol of pyridinium p-toluene- o
sulfonate and 30 g of dimethylformamide 1n a sample bottle,
the mixture was stirred with a mix rotor for 2 days at room
temperature. It was then transierred to a separatory funnel,
100 g of ethyl acetate was added and the mixture was washed
with 1% aqueous sodium hydrogencarbonate. The oi1ly layer 45
was then separated, and sodium sulfate was added to the oily

layer for drying. The sodium sulfate was filtered out and the

26

(20)
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solvent was distilled off under reduced pressure to obtain
photopolymenzing compound A-10. NMR spectral analysis
of the structure of the compound confirmed the presence of
three methacryloyl groups per molecule, thereby 1dentifying
it as the compound represented by the following general 5

formula (21).
|[Chemical Formula 21]
(21)
O O
/O
O/
)\O
O

O/\/O\/\OJ\O{/Z\%CH{\_%OJ\O/\/O\/\OJ\(

Synthesis of (A) Photopolymerizing Compound 15
A-11

After placing 60 mmol of 2,5-dimethyl-2,5-hexanediol
(product ol Tokyo Chemical Industries Co., Ltd.), 55 mmol of
2-methacryloyloxyethyl 1socyanate (product of Showa ,,
Denko Co., Ltd.) and 20 g of dimethyliformamide 1n a sample
bottle, the mixture was stirred with a mix rotor for 2 days at
room temperature. It was then transferred to a separatory
tfunnel, 100 g of ethyl acetate was added and the mixture was
washed with 1% aqueous sodium hydrogencarbonate. The 5
o1ly layer was then separated, and sodium sulfate was added
to the oi1ly layer for drying. The sodium sulfate was filtered
out and the solvent was distilled oif under reduced pressure to
obtain photopolymerizing compound A-11. NMR spectral
analysis ot the structure of the compound confirmed the pres-
ence ol two methacryloyl groups per molecule, thereby 1den-

tifying 1t as the compound represented by the following gen-
eral formula (22).

[Chemical Formula 22]

(22)
CH;

O
)J\ CH; CH; O
O
\/\ N ‘ H
H

O—(‘i—(CHz)z—C—O

N
\/\O
O CHj CHsj

O CH;

H,C CH,
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Synthesis of (A) Photopolymerizing Compound
A-12

After placing a solution of 2870 parts by mass of meth-
acrylic acid/methyl methacrylate/styrene copolymer (mass
ratio: 40/35/25, weight-average molecular weight: 55,000)
dissolved 1n 3507 parts by mass of a methoxyethanol/toluene
mixed solvent (mass ratio: 3/2), 921 parts by mass of 4-viny-
loxybutyl methacrylate (product of Koyo Chemical Indus-
tries Co., Ltd.) and 3.3 parts by mass of 2-ethylhexyl phos-
phate 1n a sample bottle, the mixture was stirred with a mix
rotor for 1 day at 70° C. to obtain photopolymerizing com-
pound A-12. Acid titration of the compound confirmed that at
least 95% of the 4-vinyloxybutyl methacrylate had been
added to methacrylic acid 1n the methacrylic acid/methyl
methacrylate/styrene copolymer.

Measurement of Intramolecular Bond-Breaking,
lemperature

The (A) photopolymerizing compounds A-1 to A-12 syn-
thesized as described above as photopolymerizing com-
pounds, and tetraecthyleneglycol dimethacrylate (trade name:
4G by Shin-Nakamura Chemical Co., Ltd.) for comparison
were each prepared to 100 parts by mass. A solution of 1 part
by mass of 2-benzyl-2-dimethylamino-1-(4-morpholinophe-
nyl)-butanone-1 (trade name: Irg-369, product of Ciba Spe-
cialty Chemicals) dissolved 1n 20 parts by mass of acetone
was added to each photopolymerizing compound, to prepare
13 different coating solutions. Each coating solution was
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applied onto a 5-inch dummy silicon water using a spin
coater, and then dried at 100° C. for 5 minutes to remove the
acetone, thereby forming a coating. The obtained coating was
covered with a 20 um-thick PET film, and subjected to light
exposure from the top of the PET film using a UX-10005SM -
XJ01 Proximity exposure apparatus (product of Ushio Denki
Co., Ltd.) at a total wavelength exposure dose of 3 J/cm?, to
fabricate film-like samples 1-13 each with a thickness of
approximately 40 um.

A 10 mg section of each of the obtained film-like samples
1-13 was taken and used for measurement of the exothermic
peak temperature by DSC and the weight loss starting tem-
perature by TG-DTA. Measurement of the exothermic peak
temperature by DSC was conducted using a DSC6200 (Seiko
Instruments) as the measuring device, 1n a nitrogen atmo-
sphere with a measuring temperature range of 50-250°C. ata
temperature elevating rate of 10° C./min. Measurement of the
weight loss starting temperature by TG-DTA was conducted
using a TG/DTA6200 (Seiko Instruments) as the measuring
device, 1n a nitrogen atmosphere with a measuring tempera-
ture range of 50-350° C. at a temperature elevating rate of 10°
C./min. The intramolecular bond-breaking temperature of
cach photopolymerizing compound 1s represented as the exo-
thermic peak temperature by DSC and the weight loss starting
temperature by TG-DTA. The measurement results are shown
in Table 1. The (A) photopolymerizing compound of the
invention may have either one of the exothermic peak tem-
perature by DSC or weight loss starting temperature by TG-
DTA 1n the range of 130-230° C., but preferably both the
exothermic peak temperature by DSC and weight loss start-
ing temperature by TG-DTA are 1n the range of 130-250° C.

TABLE 1
Film-like samples
1 2 3 4 5 6 7 8 9 10 11 12 13
A-1 100 — — — — — — — — — — — —
Photopolymerizing A-2 — 100 — — — — — — — — — — —
compound A-3 — — 100 — — — — — — — — — —
(pts. by mass) A-4 — — — 100 — — — — — — — — —
A-5 — — — — 100 — — — — — — — —
A-6 — — — — — 100 — — — — — — —
A-T7 — — — — — — 100 — — — — — —
A-8 — — — — — — — 100 — — — — —
A-9 — — — — — — — — 100 — — — —
A-10 — — — — — — — — — 100 — — —
A-11 — — — — — — — — — — 100 — —
A-12 — — — — — — — — — — — 100 —
4G — — — — — — — — — — — — 100
Photopolymerization [rg-369 1 1 1 1 1 1 1 1 1 1 1 1 1
initiator
(pts. by mass)
Weight loss starting temperature 230 235 134 170 185 175 195 172 191 173 189 185 272
(" C.)
Exothermic peak temperature 245 230 171 140 195 174 212 190 210 209 220 190 =250
(°C.)
Examples 1-12 and Comparative Example 1
60

65

Components (A), (B), (C) and (D) shown 1n Tables 2 and 3
were combined together with the solvents also shown 1n the
tables, to obtain photosensitive resin composition solutions
for Examples 1-12 and Comparative Example 1. The contents
(g) of each component are also shown 1n the tables.




31

US 7,736,834 B2

32

TABLE 2
Materials Example 1 Example 2 Example 3 Example 4 Example 5 Example 6

Component (A) A-1 50 50 — — — —

A-2 — — 50 — — —

A-3 — — — 50 — —

A-4 — — — — 50 —

A-3 — — — — — 50
Component (B) HABI*V 3 3 3 3 3 3

EAB*? 0.2 0.2 0.2 0.2 0.2 0.2
Component (C) BIP-T*? 0 1 1 1 1
Component (D) P-1*% 50 50 50 50 50 50
coloring Leucocrystal 0.5 0.5 0.5 0.5 0.5 0.5
agent violet
Solvent N,N-dimethyl- 4 4 4 4 4 4

formamide

Toluene 4 4 4 4 4 4

Acetone 10 10 10 10 10 10

“DHABI (trade name of Hodogaya Chemical Co., Ltd.): 2,2"-bis(o-chlorophenyl)-4,5.4",5'-tetraphenyl-1,2'-

biumidazole

“2EAB (trade name of Hodogaya Chemical Co., Ltd.): 4,4'-bis(diethylamino)benzophenone
“3BIP-T (trade name of Asahi Denka Kogyo Co., Ltd.): bis(4-t-bulylphenyl)iodonium triflate
“4P-1: Methacrylic acid/methyl methacrylate/styrene copolymer (mass ratio: 25/50/25, weight-average

molecular weight: 55,000, acid value: 163.1 mgKOH/g)

TABLE 3
Materials Example 7 Example 8 Example 9 Example 10 Example 11
Component  A-6 50 - - -
(A) A-7 — 50 — —
A-8 — — 50 —
A-9 — — — 50
A-10 — — — —
A-11 — — — —
ACED) _ _ _ -
Component HABI 3 3 3 3
(B) EAB 0.2 0.2 0.2 0.2
Component P-1 50 50 50 50
(D)
coloring Leucocrystal 0.5 0.5 0.5 0.5
agent violet
Solvent N,N-dimethyl- 4 4 4 4
formamide
Toluene 4 4 4 4
Acetone 10 10 10 10

Example 12 Comp. Ex. 1

50 _ _
_ _ 50
3 3 3
0.2 0.2 0.2
50 50 50
0.5 0.5 0.5
4 4 4
4 4 4
10 10 10

“2)AG (trade name of Shin-Nakamura Chemical Co.,Ltd.): Tetraethyleneglycol dimethacrylate

The obtained photosensitive resin composition solution

was evenly applied onto a 16 um-thick polyethylene tereph- >

thalate film and dried for 10 minutes with a hot-air convection
drier at 100° C., to obtain a photosensitive element. The film
thickness of the photosensitive resin composition layer of the
obtained photosensitive element was 25 um.

Next, the copper surface of a copper-clad board (trade
name: MCL-E-67 by Hitachi Chemical Co., Ltd.), compris-
ing a glass epoxy material laminated on both sides with a
copper fo1l (35 um thickness), was polished using a polishing
machine (product of Sanke1 Co., Ltd.) with a #600 equivalent
brush, and then rinsed with water and dried with an air stream.

The copper-clad board obtained 1n this manner was heated
to 80° C., and then the previously obtained photosensitive
clement was laminated with the photosensitive resin compo-
sition layer attached to the copper surface, with a pressure of
0.4 MPa at a temperature of 120° C.

The photosensitive element-laminated copper-clad board
was then cooled, and upon reaching 23° C., there were
attached to the polyethylene terephthalate side a phototool
having a 41-step tablet with a density range of 0.00-2.00, a
density step of 0.05, a tablet size of 20 mmx187 mm, and a
step size of 3 mmx12 mm, and a phototool having a circuit
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pattern with a line width/space width ratio of 6/6-35/35
(units: um) as the resolution evaluation negative, and light
exposure was performed using a parallel ray exposure device
(trade name: EXM-1201 by Orc Manufacturing Co., Ltd.)
with a 5 kW short arc lamp as the light source, at a dose
leaving 14 stages, 17 stages and 20 stages after development
of the 41-step tablet. The dose which left 17 stages after
development of the 41-step tablet was recorded as the sensi-
tivity of each photosensitive element.

Next, the polyethylene terephthalate film was removed and
a 1.0 mass % aqueous sodium carbonate solution was sprayed
for 24 seconds at 30° C. for removal of the unexposed sec-
tions.

The resolution 1s evaluated based on the smallest value of
the space width between lines whereby the unexposed sec-
tions can be cleanly removed by developing treatment, with-
out meandering or breaking of the lines. The sensitivity and
resolution are both considered more satisfactory the smaller
the value.

The release start time for the photocured product was mea-
sured 1n the following manner. Specifically, a sample irradi-
ated with a dose (17/41 stages) corresponding to each sensi-
tivity was developed in 1 mass % aqueous sodium carbonate.
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After standing for approximately 24 hours, the photocured
product was heated for 20 minutes with a hot-air convection
drier at 170° C. and then cooled to room temperature, after
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(1)

which the sample was dipped 1n a 3 mass % aqueous sodium R
hydroxide solution while stirring at 45° C., and the time (sec) 53 |
until release of the photocured product began was measured. (ﬁ O (lj O
A shorter release start time 1s preferred. The sensitivities, O R2
resolutions and release start times for Examples 1-12 and
Comparative Example 1 are shown 1n Tables 4 and 5.
TABLE 4
Example 1 Example 2 Example 3 Example 4 Example 5 Example 6
Sensitivity (mJ/cm?) 63 60 63 65 60 55
Resolu- ST =14/41 15 18 15 18 18 15
tion (um) ST =17/41 18 15 15 18 15 18
ST =20/41 18 20 18 20 22 22
Release start time (sec) 18 14 13 12 17 18
TABLE 5
Example Example Example Example Example Example Comp.
7 8 9 10 11 12 Ex. 1
Sensitivity (mJ/ecm?) 80 80 85 85 75 120 55
Resolu- ST =14/41 18 16 20 20 18 20 18
tion ST =17/41 20 18 20 20 20 25 20
(um) ST =20/41 20 20 25 25 25 25 20
Release start time Sec 30 25 23 20 60 150 315

INDUSTRIAL APPLICABILITY

As explained above, the present mnvention can provide a
photosensitive resin composition capable ol adequately
improving removability while maintaining excellent resolu-
tion, as well as a photosensitive element, a resist pattern
forming method, a process for manufacturing a printed circuit
board and a method for removing a photocured product.

The 1nvention claimed 1s:

1. A photosensitive resin composition comprising (A) a
photopolymerizing compound with two or more ethylenic
unsaturated bonds in the molecule and (B) a photopolymer-
1zation mitiator which imitiates photopolymerization reaction
of the (A) photopolymerizing compound,

the photosensitive resin composition being characterized
in that the molecule of said (A) photopolymerizing com-
pound further contains a characteristic group with a
bond which breaks when said (A) photopolymerizing
compound 1s heated under temperature conditions of
130-250° C.

2. A photosensitive resin composition according to claim 1,
characterized by further comprising (C) a compound which
generates an acid upon heating at 130° C. or above or 1rradia-
tion with active light rays.

3. A photosensitive resin composition according to claim 1,
characterized by further comprising (D) a binder polymer.

4. A photosensitive resin composition according to claim 1,
characterized 1n that said characteristic group has a structure
represented by the following general formula (1)
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[in formula (1), R' and R* each independently represent
hydrogen atom or a C1-20 alkyl group].

5. A photosensitive resin composition according to claim 1,
characterized 1n that said characteristic group has a structure
represented by the following general formula (2)

(2)

Rﬁ

[in formula (2), R’ and R* each independently represent a
C1-20 alkyl group, and R> and R® each independently repre-
sent hydrogen atom or a C1-20 alkyl group].

6. A photosensitive resin composition according to claim 1,
characterized 1n that said characteristic group has a structure
represented by the following general formula (3)

(3)
RT

—X—o—(lj—o—

RS

[in formula (3), R’ and R® each independently represent
hydrogen atom or a C1-20 alkyl group, and X represents a
divalent organic group].

7. A photosensitive resin composition according to claim 1,
characterized 1n that said characteristic group has a structure
represented by the following general formula (4)
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(4)

[in formula (4), R” and R'® each independently represent a
C1-20 alkyl group].

8. A photosensitive element characterized by comprising a
support film and a photosensitive resin composition layer
composed of a photosensitive resin composition according to
claim 1 formed on said support film.

9. A resist pattern forming method characterized by lami-
nating a photosensitive resin composition layer composed of
a photosensitive resin composition according to claim 1 onto
a circuit-forming board, exposing prescribed sections of said
photosensitive resin composition layer to active light rays for
photocuring of the exposed sections, and then removing the
non-exposed sections.

10. A resist pattern forming method characterized by lami-
nating the photosensitive resin composition layer of a photo-
sensitive element according to claim 8 onto a circuit-forming
board, exposing prescribed sections of said photosensitive
resin composition layer to active light rays for photocuring of
the exposed sections, and then removing the non-exposed
sections.

11. A process for manufacturing a printed circuit board,
characterized by comprising

a circuit-forming step 1 which a circuit-forming board

having a resist pattern formed thereon by a resist pattern
forming method according to claim 9 1s subjected to
etching or plating, and

a removal step 1n which said resist pattern 1s removed from

said circuit-forming board either during or after heating
to 130-250° C.

12. A method for removing a photocured product charac-
terized 1n that a photocured product obtained by laminating a
photosensitive resin composition layer composed of a photo-
sensitive resin composition according to claim 1 onto a sup-
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port board and exposing it to active light rays for photocuring
of said photosensitive resin composition layer, 1s removed
from said support board either during or after heating to
130-250° C.

13. A method for removing a photocured product charac-
terized 1n that a photocured product obtained by laminating
the photosensitive resin composition layer of a photosensitive
clement according to claim 8 onto a support board and expos-
ing it to active light rays for photocuring of said photosensi-
tive resin composition layer, 1s removed from said support
board either during or after heating to 130-250° C.

14. A photosensitive resin composition according to claim
1, wherein the molecule of said (A) photopolymerizing com-
pound contains said characteristic group with said bond
which breaks when said (A) photopolymerizing compound 1s
heated under temperature conditions of 130-250° C. such that
decomposition of the photosensitive resin composition or a
photocured product of the photosensitive resin composition
occurs upon heating under said temperature conditions.

15. A photosensitive resin composition according to claim
1, wherein said (A) photopolymerizing compound has a
welght-average molecular weight of 5,000-300,000.

16. A photosensitive resin composition according to claim
1, wherein said bond of said characteristic group breaks when
said (A) photopolymerizing compound 1s heated under tem-
perature conditions of 150-200° C.

17. A photosensitive resin composition comprising (A) a
photopolymerizing compound with two or more ethylenic
unsaturated bonds in the molecule and (B) a photopolymer-
1zation mitiator which imitiates photopolymerization reaction
of the (A) photopolymerizing compound,

the photosensitive resin composition being characterized

in that the molecule of said (A) photopolymerizing com-
pound further contains a characteristic group with a
bond which breaks when said (A) photopolymerizing
compound 1s heated under temperature conditions of
130-250° C. so as to increase removability of the pho-
tosensitive resin composition or cured product thereof
during or after heating under said temperature condition,
as compared to prior to said heating.

G o e = x
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